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ELECTRIC POWER STEERING CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to an electric power steering 
control device for easing steering effort of the driver in a vehicle 
wherein motor power is directly applied to the steering system. 

Electric power steering apparatus includes an electric motor 
in a steering system, and assists steering effort of the driver 
by way of applying power from the electric motor (hereinafter 
referred to as assist steering force) under the control of a control 
device. During the steering operation of the driver , front wheels 
are turnedby a steering shaft to change the direction of the vehicle . 
For example, Japanese Laid-open Patent Application No. 8-67266 
discloses a construction for easing steering effort of the driver, 
wherein an electric motor which generates assist steering force 
is arranged coaxially with a rack shaft and through a ball screw 
mechanism rotational driving force of the electric motor is 
converted into reciprocal movement of the rack shaft . The control 
device controls the output power of the electric motor with a 
steering torque input as a main input and with an electric motor 
driving signal output as an output. The electric motor driving 
signal indicates a voltage difference to be applied between 
terminals of the electric motor. The control device includes an 
H-bridge so that forward and reverse controls can be achieved by 
switching current flow directions of the H-bridge. The electric 
motor driving signal is controlled to be a desired value with pulse 
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width modulation control (hereinafter referred to as PWM control) 
relative to the switch of the H-bridge . Accordingly, the control 
device controls the output power of the electric motor to assist 
and supply thrust of the rack shaft within the steering gear box. 

5 However, in the conventional electric power steering 

apparatus, the control calculation method of the control device 
is stored in a ROM (see, for example, [0036] to [0046] of the 
aforementioned publication) . In other words, the control device 
is manufactured as a dedicated control device for a specific 

10 steering gear box intended for the control. For this reason, if 
the control specification is varied in accordance with 
characteristics of the intended steering gear box and conditions 
of the vehicle into which the steering gear box is assembled, a 
large number of control devices have to be prepared for the 

15 respective specifications. This will cause the following 
drawbacks . 

(1) In the case where specifications of steering gear boxes 
or vehicles are different, it is necessary to manufacture control 
devices each having own specification. 

20 (2) In the case where electric power steering apparatus with 

different steering feelings are required, it is necessary to 
manufacture control devices each having special map data. 

(3) In the case where there are differences in engine 
rotational speed according to specifications of engines of the 

25 intended vehicles or there are differences in specifications of 
vehicle speed signals according to the intended vehicles, it is 
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necessary to manufacture a dedicated control device for each 
intended vehicle. 

In view of the above, the present invention seeks to provide 
an electric power steering control device in which the control 
5 calculation method of the electric power steering control device 
can be readily changed. 

SUMMARY OF THE INVENTION 
According to a first aspect of the present invention, there 
10 is provided an electric power steering control device comprising: 
a memory which is accommodated in the electric power steering 
control device mounted on a vehicle, and which permits rewrite 
and storage of data , wherein transmitting a signal from an external 
of the vehicle allows the data stored in the memory to be rewritten . 
15 in the preferred embodiment to be described later, an EE PROM is 
provided in the control device, so that data of the EEPROM is 
rewritten by an external device signal. 

With this electric power steering control device , even after 
the electric power steering control device is assembled with a 
20 vehicle, changing the memory data of the electric power steering 
control device enables adaptation for different control 
characteristics of the assist steering force and different kinds 
of steering gear boxes . 

According to a second aspect of the present invention, the 
25 data stored in the memory is read out at a start-up of the electric 
power steering control device, and an assist steering force is 
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controlled based on this data. In the preferred embodiment to 
be described later, a RAM is rewritten based on the data of the 
EEPROM at the start-up of the control device, and the assist steering 
force is controlled with reference to the RAM. 

With this electric power steering control device, the 
contents of the memory can be utilized for controlling the assist 
steering force without requiring a special manipulation. In the 
preferred embodiment, the assist steering force can be controlled 
based on the contents of the memory. Even after rewriting the 
memory, the assist steering force can be controlled with the normal 
operation, such as reset (with the power being switched off and 
then switched on again) of the electric power steering control 
device, that is, turning on the ignition switch again. 

According to a third aspect of the present invention, the 
electric power steering control device further comprises therein 
a ROM which stores a plurality of map data, and the memory stores 
label information corresponding to one of the plurality of map 
data. The label information is read out at a start-up of the 
electric power steering control device, followed by selection of 
the one map data in the ROM based on this label information to 
be read out. The assist steering force is controlled based on 
the selected map data . In the preferred embodiment to be described 
later, the ROM stores a plurality of assist maps each attached 
with own label information. When the control device starts up, 
a map utilized for the control is selected based on the label 
information written in the EEPROM. 
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With this electric power steering control device , even after 
the electric power steering control device is assembled with a 
vehicle, the electric power steering control device can be changed 
to different control characteristics of the assist steering force. 

5 The assist steering force can be controlled based on the control 
characteristics . 

According to a fourth aspect of the present invention, the 
memory stores a set of constants or mathematical expression data, 
which is used for the electric power steering control device and 

10 is inherent in an individual specification. The set of constants 
or mathematical expression data is read out at a start-up the 
electric power steering device, and the assist steering force is 
controlled based on the set of constants or mathematical expression 
data. In thepref erred embodiment to be described later , theEEPROM 

15 stores an NE (engine rotational speed) constant, a vehicle speed 
constant, and a torque constant, and a set of these constants is 
written on the RAM at the start-up of the control device. 

With this electric power steering control device, likewise 
the above electric power steering control device , the NE constant, 

20 the vehicle speed constant, or the torque constant can be changed 
even after the electric power steering control device is assembled 
with a vehicle . The assist steering force can be controlled based 
on these constants . 

Further, by the aforementioned advantage, it is possible 

25 to reduce the cost for the ROM mask accommodated in the CPU of 
the electric power steering control device. Also, it is possible 
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to achieve cost down due to increase in the number of applicable 
kinds of vehicles. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A preferred embodiment of the present invention will be 

described below, by way of example only, with reference to the 

accompanying drawings, in which: 

FIG. 1 is a block diagram illustrating a hardware 

configuration of an electric power steering control device 

according to the present invention; 

FIG . 2 shows a data flow of the electric power steering control 

device; 

FIG. 3 is a flow chart showing the processing program of the 
electric power steering control device; 

FIG. 4 is a view illustrating the whole arrangement of an 
electric power steering apparatus according to the present 
invention; and 

FIG. 5 is a block diagram illustrating the electric power 
steering control device. 

DETAILED DESCRIPTION OF THE INVENTION 
With reference to the accompanying drawings, one preferred 
embodiment of an electric power steering control device according 
to the present invention will be described. 
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DEVICE>> 

Constructions of an electric power steering apparatus and 
a control device will be described with reference to FIGS. 4 and 
5 . As seen in the whole arrangement of the electric power steering 
apparatus shown in FIG. 4, a manual steering force generating 
section 6 is constructed such that a steering shaft 2 integral 
with a handle (steering wheel) 1 is connected via a connecting 
shaft 3 to a pinion 5a of a rack and pinion mechanism 5 positioned 
in a steering gear box. The connecting shaft 3 is provided with 
universal joints 3a, 3b at both ends thereof. The rack and pinion 
mechanism 5 includes a pinion 5a that meshes with rack teeth 7b 
formed on a rack shaft 7 so that a rotational movement of the pinion 
5a is converted into an axial reciprocating movement of the rack 
shaft 7 . Further , right and left front wheels 9 as steerable wheels 
are connected at both ends of the rack shaft 7 respectively via 
a tie rod 8 . When the driver operates the handle 1 , the vehicle 
changes the direction with the front wheels 9 turned through the 
steering shaft 2 . 

To ease the steering force generated at the manual steering 
force generating section 6, an electric motor 10 for generating 
assist steering force is positioned coaxially with the rack shaft 
7. The electric power steering apparatus converts rotation of 
the electric motor 10 into thrust force of the rack shaft 7 via 
a ball-screw mechanism 11 arranged substantially parallel to the 
rack shaft 7. A helical gear 10a is integral with the rotor of 
the electric motor 10 . The helical gear 10a meshes with a helical 
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gear lib that is integrally fixed to the shaft end of the screw 
shaft 11a of the ball-screw mechanism 11 . The nut of the ball-screw 
mechanism 11 is joined with the rack shaft 7. 

A steering torque detecting section 12 is provided in the 
steering gearbox for detection of amanual steering torque T applied 
to the pinion 5a, and a steering torque detection signal 12a is 
transmitted to an electric power steering control device 
(hereinafter merely referred to as a "control device") 14. The 
steering torque detection signal 12a is inputted to the control 
device 14 as amain input signal, and the control device 14 outputs 
a motor drive signal 15 to control the output power of the electric 
motor 10 . Themotor drive signal 15 represents a voltage difference 
between terminals of the electric motor 10. 

As shown in the block diagram illustrating the electric power 
steering control device, the control device 14 includes a target 
current setting section 16 which sets a target value of the current 
signal of the electric motor 10, a PWM drive control section 17 
which processes a PWM control based on the target value, and a 
motor drive section 18 which drives the electric motor 10 by the 
PWM control of the PWM drive control section 17. The motor drive 
section 18 consists of an H-bridge, and controls the 
forward/reverse rotation of the electric motor 10 by switching 
the current flow directions of the H-bridge . The PWM drive control 
section 17 processes the PWM control with respect to the H-bridge, 
so that the motor drive signal 15 is controlled to a desired value . 
As a flow of the control, the target current setting section 16 
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determines the target current IT based on the steering torque 
detection signal 12a, and the PWM drive control section 17 processes 
the PWM control based on the target current IT. The motor drive 
section 18 then controls the output power of the electric motor 
10 under the PWM control. As previously described, the steering 
torque detecting section 12 of the manual steering force generating 
section 6 (FIG. 4) detects the steering force of the driver, and 
the control device 14 controls the output power of the electric 
motor 10 to assist and supply the thrust of the rack shaft 7 (FIG. 
4) positioned in the steering gear box. 

«DRIVE CONTROL OF ELECTRIC MOTOR BY REWRITING MEMORY >> 

With reference to FIGS. 1 to 3 , drive control of the electric 
motor by way of rewriting the memory will be described. FIG. 1 
is a block diagram illustrating a hardware configuration of the 
electric power steering control device. The control device 14 
consists of a CPU 21 which entirely controls the control device 
14 and accommodates a ROM 22 and a RAM 23 , an EEPROM 24 as a rewritable 
memory which can be rewritten by a signal from the external of 
the vehicle, a motor driver 25 which drives the electric motor 
10 under control of the CPU 21, and an interface controller 26 
which controls external signals. In the case where the control 
device 14 is mounted on a vehicle , the control device 14 is connected 
to a connecting line for inputs of a torque signal 27 , an NE (engine 
rotational speed) signal 28, a vehicle speed signal 29, and an 
external device signal 30, respectively required for controlling 
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the assist steering force. These signals are transmitted to the 
CPU 21 through the interface controller 26. The EEPROM 24 can 
be rewritten through the external device connecting line even with 
the control device per se. The EEPROM 24 is a non-volatile memory 
which permits rewrite and storage of data. The EEPROM 24 is one 
specific example of the memory defined in the claims. In the 
control device 14, the motor drive control can be achieved by the 
processing program that is incorporated into the ROM 22 built in 
the CPU 21. 

FIG. 2 shows a data flow in the control device 14. When the 
pulse signal value of the NE signal 28 or the vehicle speed signal 
29 should be converted into a physical value, it is necessary to 
convert the pulse signal value based on the specification of each 
engine or vehicle speed sensor. For this reason, a set of 
conversion values or conversion formulae corresponding to the 
engine specification or the vehicle speed sensor specification 
is written in the EEPROM 24, so that they can be referred to at 
the time of conversion . According to this construction , rewriting 
the EEPROM 24 enables one control device to be applied to vehicles 
with different engine specifications or different vehicle speed 
sensor specifications without replacing the control device. The 
conversion values or conversion formulae correspond to the 
"constants or mathematical expression data" defined in the claims . 

When the control device 14 is applied to a vehicle, whose 
specification is different according to type of the vehicle or 
its steering gear box (including the rack and pinion mechanism 
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5, etc. shown in FIG. 4) , various kinds of map data and their label 
information are previously stored in the ROM 22 so that the map 
corresponding to the applied type of vehicle can be selected from 
the ROM 22 with referring to the corresponding label information 

5 of the data stored in the EEPROM 24. Accordingly, if only one 
kind of control device is manufactured, the same control device 
can be applied to vehicles with different vehicle kinds or different 
steering gear box specifications . Because the number of vehicles 
to which the same control device can be applied increases, the 

10 manufacturing cost can be decreased when compared with the case 
where dedicated control devices are manufactured for individual 
vehicles . 

With reference to FIG. 2, operation of the processing program 
during the control of the assist steering force will be described 

15 by means of focusing a flow of the data after the star-up of the 
control device 14. In this instance, the control device 14 has 
risen to the steady state after turning on the switch, and a map 
data , an NE constant , a vehicle speed constant , and a torque constant 
have been copied from the EEPROM 2 4 and stored in the RAM 23 . Firstly 

20 the current NE signal 28 is inputted into the control device 14 
through the interface controller 26, and the NE constant is read 
out from the RAM 23. Based on these two input values, the NE 
calculating section 41 obtains a converted numerical value to 
determine whether the control is initiated. (Because such a 

25 process corresponds to step S110 of FIG. 3, details thereof will 
be described with reference to explanations regarding FIG. 3.) 
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If conditions of the control initiation are satisfied, then control 
of the assist steering force is initiated. 

The current vehicle speed signal 29 is inputted into the 
control device 14 through the interface controller 26 (FIG. 1) , 
and the vehicle speed constant is read out from the RAM 23 . Based 
on these two input values, the vehicle speed calculating section 
42 obtains a vehicle speed conversion value. Similarly, the 
current torque signal 27 is inputted and the torque constant is 
read out from the RAN 23. Thereafter, the torque calculating 
section 43 calculates the torque conversion value. Next, the 
vehicle speed conversion value, the torque conversion value, and 
the map data on the RAM 23 are inputted into the assist map 
synthesizing section 44, and the assist map synthesizing section 
44 synthesizes these data and outputs the synthesized data to the 
motor driver 25 as an assist map 35. The motor driver 25 drives 
the electric motor 10 (FIG. 1) based on the assist map 35 that 
is inputted from the assist map synthesizing section 44 . Thereby, 
the electric motor 10 supplies assist steering force. 

FIG. 3 is a flow chart showing the processing program of the 
control device. Operation of the processing program will be 
described below along the flow of FIG. 3 and with reference to 
FIGS. 1 and 2. When the driver turns on the ignition switch (step 
S101) , the control device 14 is powered on (step S102) , and then 
the control device 14 starts up. At first, a self-diagnosis check 
is carried out for each constituent element within the control 
device 14 (step S103) . Thereafter, an initializing process is 
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carried out for the data on the RAM 23 . As a part of the initializing 
process, the map data is set from step S104 to step S106. To be 
more specific, label information for the map data that is stored 
in a specific address of the EE PROM 24 is read out, and is written 

5 on a specific address of the RAM 23 (stepS104) , followedby selection 
of the address where the map data on the ROM 22 is stored (step 
S105) . Specifically, the label information per se may be utilized 
as a storage address of the map data. Alternatively, the label 
information may be utilized as a key data for collating with and 

10 retrieving the key data stored on top of the map data. In any 
cases, it is possible to specify the address of one map data from 
a plurality of map data on the ROM 22 with the use of the label 
information. Based on the specified address, the corresponding 
map data is read out and is stored in the RAM 23 (step S106) . As 

15 another initializing process, the NE constant, the vehicle speed 
constant, and the torque constant are read out from the EEPROM 
24, and thereafter they are copied to the RAM 23 (step S107) . By 
the foregoing steps, the start-up process of the control device 
14 is completed and operation goes on the processing loop in the 

20 steady state (step S108 to step S112) . 

In the processing loop of the steady state, a check is carried 
out whether an external device signal 30 is detected (step S108) . 
This is to confirm whether a data update demand for the EEPROM 
24 is received through the interface controller 26 from the external 

25 of the vehicle. Herein, the data indicates the label information 
for the map data, the NE constant, the vehicle speed constant, 
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and the torque constant, described in the initializing process. 
If the external device signal is detected, i.e. when the data update 
for the EE PROM 24 is demanded ("Y" in step S108) , the contents 
of the EEPROM 24 is rewritten according to the demand (step S109) . 
As the data update demand, kind of the data to be updated and its 
update contents are designated. In the case of updating the data 
on the EEPROM 24 of the control device 14 mounted on a vehicle, 
the operator connects electric equipment such as a personal 
computer and an off-board diagnosis device to the control device 
14 from the external of the vehicle, and transmits the data update 
demand for the EEPROM 24 . Electric equipment and the control device 
may be connected directly by means of a specific interface cable. 
Alternatively, they may be connected through a network such as 
CAN communication. 

Next, the control initiation conditions of the control device 
14 are checked. Actually, a determination is made as to whether 
NE is greater than 500 rpm (step S110) . If NE is greater than 
500 rpm ("Y" in step S110) , in the start-up process of the control 
device 14 the assist steering force is controlled based on the 
data written on the RAM 23 (step Sill, see the description with 
respect to FIG. 2) . Once the control is completed, operation 
returns to step S108 to check the external device signal. If NE 
is equal to or lower than 500 rpm by the result of checking the 
control initiation conditions ("N" in step S110) , a confirmation 
is made as to whether the power of the control device 14 is off 
(step S112) . In the case of "power-on" ("N" in step S112) , 
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operation returns to step S108 to check the external device signal . 
In the case that "power-off" is detected ( " Y " in step S112) , the 
power-off process (power-off sequence) is executed by the stand-by 
power source (step S113) and the ignition switch is turned off 
(step S114) . 

In the above examples, the contents of the EE PROM 24 is 
reflected on the RAM 23 only in the case where the initializing 
process for the RAM 23 is carried out during the start-up process 
of the control device 14 . Therefore , even if the data is rewritten 
in the process of the processing loop of the steady state after 
receiving a data update demand for the EEPROM 24 from the external 
of the vehicle (step S109) , the assist steering force control based 
on this data is executed only after the control device 14 is reset 
with its power being turned off and on , that is , after the ignition 
switch is turned on again. 

While the present invention has been described in detail with 
reference to specific embodiments thereof, it will be apparent 
to one skilled in the art that various changes and modifications 
may be made without departing from the scope of the claims . For 
example , "the memory which permits rewrite and storage of data" has 
been explained as an EEPROM, however, other known memory may be 
used. The label information of the map data, the NE constant, 
the vehicle speed constant, and the torque constant are written 
on the EEPROM. However, a part of them (for example, only the 
label information for the map data) may be written on the EEPROM 
and utilized. Further, in the above preferred embodiments, the 
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map data on the ROM is selected with the use of a label written 
on the memory (for example, EE PROM) which permits rewrite and 
storage of data. However, if data can be read out from the memory 
at a high speed, or if there is no need to consider the read-out 
time, the map data on the ROM may be written on the memory (ROM 
without map data) . 
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